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Genus Crotalaria XXI 1. Isocromadurine, a Novel 
R. Wight 

The  seeds of C. madurensis h a v e  been  r epo r t ed  1-3 to  
c o n t a i n  4 a lka lo ids :  namely ,  c romadur ine ,  madurens ine ,  
fu lv ine  a n d  cr ispat ine .  I n  th i s  c o m m u n i c a t i o n  we wish  to  
record  t h e  i so la t ion  a n d  s t r u c t u r e  of a new macrocycl ic  
pyr ro l iz id ine  a lkaloid  i soc romadur ine  (I). 

Alcoholic  e x t r a c t  of the  d e f a t t e d  seeds (con ta in ing  1.9 % 
alkaloids)  was  processed to give a lkaloid  mix tu re ,  w h i c h  
on  c rys ta l l i za t ion  f rom m e t h a n o l - a c e t o n e  y ie lded c romad-  
u r ine  fol lowed b y  fulvine.  T he  m o t h e r  l iquor,  a f t e r  r e m o v a l  
of c r o m a d u r i n e  and  fulvine,  was  e v a p o r a t e d  to  dryness .  
The  res idue was crys ta l l ized  f rom p e t r o l e u m  e the r  to  give 
colourless  c rys ta l s  of i soc romadur ine ,  m.p.  135-136 ~ 
(~) ~ + 43.54 (C, 0.85~o, e thanol ) ,  TLC (silica gel G 
t r e a t e d  w i t h  N/10 N a O H ,  m e t h a n o l )  showed  single spo t  
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of Rf  0.22 (cf. monoc ro t a l i ne  0.22). T he  e l e m e n t a l  ana lyses  
of i soc romadur ine  a n d  i ts  p i c ra te  (m.p. 204-205 ~ conform 
to  t he  molecu la r  f o r m u l a  C16H~zOsN, M+309. The  I R -  
s p e c t r u m  (KBr)  of t h e  base  e x h i b i t e d  peaks  due  to es ter  
c a rbony l s  (1730 cm -1) and  - O H  group  (3400 cm-1). 

The  N M R - s p e c t r u m  (60 MHz,  CDC13) of i soc romadur ine  
exh ib i t s  s ignals  a t  6 1.17 (s, C H 3 - C - O H  ), 1.27 (d, J 7.5 Hz,  
2 x C H 3 - C H  ), 2.00 (m, H6) ,  4.60 (ABq, j 12 Hz, H9) a n d  
5.97 (m, H2) .  The  p resence  of - O H  group  a t  6 4.50 was 

Pyrrolizidine Alkaloid of C. madurensis 

shown  b y  D20  exchange .  In  t he  MS (M + 309) of i socromad-  
ur ine,  t he  peaks  a t  m/e 80, 93, 95, 119, 120, 121, 136 and  
138 sugges ted  i t  to  be  a n  es ter  of r e t ronec ine  t y p e  amino  
alcohol.  The  loca t ion  of - O H  group  a t  C-12 is s t rong ly  
s u p p o r t e d  4 b y  t he  presence  of ion m/e 236 (43%).  

The  base  on  hyd ro ly s i  s w i t h  2 N m e t h a n o l i c  N a O H  a t  
r oom t e m p e r a t u r e  gave  r e t ronec ine  a n d  i socromadur ic  
a c i d  (II), CsHl~O 5, m.p.  129-130 ~ (e ther-  pet .  e ther) ,  
(e) ~ + 14.9 ~ (C, 0 .91%, me thano l ) .  The  N M R -  and  I R -  
spec t r a  of i soc romadur i c  acid were  iden t ica l  w i t h  those  of 
c r o m a d u r i c  acid 1, m.p.  138-139 ~ (e) ~ ~  -- 14.5 ~ (metha-  
nol). 

W'hen h y d r o g e n a t e d  over  r educed  PtO~ in e thanol ,  
i soc romadur ine  a b s o r b e d  2 moles  of h y d r o g e n  to  give the  
zwi t t e r  ion ( I I I ) ,  m.p.  183-184 ~ (e thanol-acetone) ,  
v CHC13 3550 ( -OH),  1720 (CO), 1460 cm -1 ( -N  + H). The  
zwi t t e r  ion on  hydro lys i s  5 w i t h  2 N sod ium h y d r o x i d e  in 
m e t h a n o l  y ie lded r e t ronecano l  (IV), p i c r a t e  m.p.  207- 
208 ~ and  i soc romadur ic  acid s. 

Zusammen/assung. S t r u k t u r a u f k l ~ r u n g  eines n e u e n  
Pyr ro l iz id ina lka lo ids ,  I soc romadur in ,  aus  d e m  S a m e n  
voi1 Crotalaria madurensis R. W i g h t .  isoliert .  
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Sterols of the Lobster (Homarus americanus) and the Shrimp (Pandalus borealis) 1 

The  d ive r s i t y  of s terols  in  m a r i n e  i n v e r t e b r a t e s  is of 
i n t e r e s t  f rom the  v i e w p o i n t  of b o t h  c h e m o t a x o n o m y  a n d  
c o m p a r a t i v e  b iochemis t ry .  The re  are, however ,  on ly  a 
few repor t s  on  the  s terol  compos i t i on  of m a r i n e  crus tacea ,  
a l t h o u g h  th i s  class consis ts  of a g rea t  n u m b e r  of species 
a n d  is a m a j o r  c o n t r i b u t o r  to  t he  b iomass  of t he  oceans  2-6. 
I n  t h i s  p a p e r  we r e p o r t  t he  i so la t ion  of two  new sterols,  

24-methylcholesterol a n d  24-ethylcholesterol, f rom two 
species of c o n t i n e n t a l  shelf  c rus tacea ,  t he  lobs te r  (Homarus 
amerieanus), a n d  t h e  s h r i m p  (Pandalus borealis) a n d  
discuss possible  sources  of these  two sterols.  

Methods. Lobs t e r s  were col lected in June ,  1973, f rom 
V i n e y a r d  Sound,  Massachuse t t s .  S h r i m p  were col lected 
f rom 42~ 65~  us ing  No. 41 b o t t o m  t rawls  a n d  
i m m e d i a t e l y  f rozen on  t h e  R / V  A L B A T R O S S  IV, Cruise 
73-3 in M a y  of 1973. 

The  l ive lobs te rs  a n d  f rozen s h r i m p  were e x t r a c t e d  for 
s terols  b y  a modif ied  p rocedure  of KRITCHEVSKY 4, a n d  
IDLER a n d  WlSEMANS. F u r t h e r  pur i f i ca t ion  of t h e  s terols  

was  accompl i shed  b y  f o r m a t i o n  of t h e i r  d ig i tonide  der iv-  
a t ives  7. Af te r  c leavage  of the  s terol  d ig i ton ides  to  t he  free 
s terols  and  convers ion  of t h e  s terols  to  t he i r  respec t ive  
t r i m e t h y l s i l y l a t e d  der iva t ives ,  gas c h r o m a t o g r a p h i c  anal -  
yses were performedS.  

1 Woods Hole Oceanographic Institution Contribution Number 3494. 
2 j .  AUSTIN, in Advances in Steroid Biochemistry and Pharmacology 

(Ed. M. H. BRIGGS; Academic Press, New York, N. Y. 1970), p. 73. 
8 S. TESHIMA, Mem. Fac. Fish., Kagoshima Univ. 21, 69 (1972). ~ 
4 D. I~RITCHEVSKu G. A. TEPPER, N. W. DITULLO a n d  W. L. HOL- 

MES, J. Food Sci. 32, 64 (1967). 
5 D. R. IDLER a n d  P. WISEMAN, Int: J. Biochem.  2, 91 (1971). 
6 S. YASUDA, Comp. Biochem. Physiol. $gB, 41 (1973). 
7 C. H.  ISSIDORIDES, I. KITAOAWA a n d  E. MOSETTIG, J .  org.  Chem. 
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Fina l  s t ruc tu re  proof  for the  t r ime thy l s i ly la ted  der iva-  
t ives  was based  on molecular  ion and  f r agmen ta t i on  
p a t t e r n s  of au then t i c  s t anda rds  ob ta ined  by  gas ch roma to -  
g raphy-mass  s p e c t r o m e t r y  s. 

Resul ts  and discussion.  The sterol  con t en t  found was  
0.075% for H o m a r u s  americanus  and  0.13% for P a n d a l u s  
borealis, based  on wet  weigh t  (see Table  I). A l though  
Panda lus  has  a p p r o x i m a t e l y  twice the  lipid con t en t  of 
Homarus ,  the  concen t ra t ion  of unsaponif iable  m a t t e r  for 
b o t h  is a lmos t  the  same.  Each  en t ry  of Tables I and  I I  
represen ts  an average of 6 analyses.  Approximate lY 30 
sh r imp  and  3 lobsters  were used for the i r  respect ive  
individual  analyses.  W h e n  compar isons  of female and  
male, non-mol t ed  and  mol ted  lobster  ex t rac t s  were made,  
no differences in sterol  con t en t  were noted .  

Sterol  d i s t r ibu t ions  and s t anda rd  devia t ions  for b o t h  
H o m a r u s  and Panda l us  are l isted in Table II .  Note  the  
high cholesterol  con t en t  in bo th  species. I t  is cons i s ten t  
wi th  previous  results  of o ther  workers  t h a t  cholesterol  is 
the  mos t  a b u n d a n t  s terol  in the  advanced  inver tebra tes .  
The more  pr imi t ive  inve r t eb ra t e s  have  much  more  diver-  
sified sterol  composi t ions  2, s. To the  bes t  of our knowledge,  
24-methylcholes terol  and  24-ethylcholesterol  have  no t  
been repor ted  previous ly  for any  species of mar ine  decapod 
crus tacea  of the  suborder  Macrura .  Desmosterol ,  24- 
methylenecholes te ro l  and  22-dehydrocholesterol ,  3 sterols 
observed in our samples  (Table II), are the  only  sterols  
r epor ted  in decapods  o the r  t h a n  cholesteroD 6,9. Fuco-  
sterol,  a comm on  b r o w n  algal sterol2; brassicasterol ,  a 
d ia tom sterolX~ s t igmas te ro l  and  norcholes tadienol  were 
no t  de tec ted  by  our procedure .  In  addi t ion  no A 7 sterols 
were detec ted .  

Bo th  24-methylcholes terol  and 24-ethylcholesterol  
have  alkyl groups a t  C-24; therefore,  two C-24 epimers  
m a y  be present ,  campes te ro l  and 22,23-dihydrobrass i -  
casterol  for 24-methylcholes terol  and fl-sitosterol and 

"Fable I. Total lipid, unsaponifiable lipids and sterol content in Ho- 
marus arnerican*~s and Pandalus borealis 

Percentage of wet weight of tissue 

Total lipids Unsaponifiable Sterols 
lipids 

Homarus americanus 0.66 ~_ 0.02 0.62 • 0.03 0.08 =t- 0.008 
Pandalus borealis 1.24 =~ 0.06 0.66 • 0.03 0.13 j_ 0.005 

Table II. Percentage composition of Homarus americanus and Pan- 
dalus borealis Sterols 

c l ionasterol  for 24-ethylcholesterol .  However ,  t he  a m o u n t s  
isolated were too small  for nuclear  magne t ic  resonance  
(NMR) analysis  and  the  s te reochemical  a s s ignments  will 
have  to  awai t  fu r ther  work. 

Sterol  reduc t ion  p roduc t s  (cholestanol,  c ampes t ano l  
and  s t igmastanol)  are diff icult  to  separa te  f rom thei r  
p a r en t  s terols  (cholesterol, campes te ro l  and fl-sitosterol) 
by  GC. In  previous  s tudies  i t  is no t  clear w h e t h e r  the  
inves t iga tors  searched for these  compounds4,6,  9. In  the  
p resen t  s t u d y  we did no t  de t ec t  any  of these  s tanols  as 
de t e rmined  by  mass  ch ro ma t o g rap h y .  

Al though  the  isolat ion and s t ruc tu re  de t e rmina t i on  of 
sterols in c rus tacea  have  received a grea t  deal of a t t e n t i o n  
in recent  years,  ve ry  l i t t le work  has been  accompl ished 
on the  sources of these  compounds  in mar ine  animals.  
Previous  work has shown t h a t  mos t  species of c rus tacea  
canno t  b iosynthes ize  cholesterol  or o ther  sterols f rom 
ace ta te  or mevalonic  acid t h ro u g h  the  squalene to lanosterol  
or cycloar tenol  p a t h w a y ~ ,  ~2. Selected crus taceans ,  e.g. 
lobster,  shr imp and crab can, however ,  b iosynthes ize  
cholesterol  f rom o ther  sterols such as campesterol ,  fi- 
si tosterol,  ergosterol,  and  brass icas terol  a. Cholesterol  and 
these sterol  precursors  to cholesterol  must ,  therefore ,  be 
acquired by  crus tacea  f rom ex te rna l  sources in the  form 
of food such as mar ine  inver tebra tes ,  p h y t o p l a n k t o n  and  
fish or t h rough  absorp t ion  or f i l t ra t ion of sterols f rom the  
dissolved or par t icu la te  f rac t ion of seawater  8. 

E x a m i n a t i o n  of the  sterol  d i s t r ibu t ion  in the  lobs ter ' s  
and  sh r imp ' s  seawater  e n v i r o n m e n t  revealed the  presence 
of cholesterol  and fl-sitosterol as the  major  sterols wi th  
high concen t ra t ions  of campes te ro l  in early s u m m e r  
p h y t o p l a n k t o n  blooms la. Lower  concen t ra t ions  of 24- 
methylenecholes tero l ,  22-dehydrocholesterol ,  norcholes-  
tadienol ,  fucosterol,  brass icas terol  and  s t igmastero l  were 
also found. 

One of the  major  sources of campes te ro l  in the  mar ine  
e n v i r o n m e n t  appears  to be mar ine  yeas t s lL  In  addi t ion,  
a few- species of phy top lank ton lS ,  l% and molluscs ~7,~s 
have been found to conta in  small  quant i t ies .  Al though  
ergosterol  is the  major  sterol  in mar ine  yeasts  and fungi, 
it  was not  de tec ted  in lobsters,  sh r imp  or seawater .  This 
sterol  may,  therefore ,  be metabo l ized  rapidly  to  cholesterol  
or o ther  organic compounds  by  crus tacea  or is possibly 
metabol ized  by  microorganisms  in seawater ,  fl-Sitosterol 
is a ma jor  sterol  in te r res t r ia l  plants .  I t  m a y  en te r  the  
mar ine  e n v i r o n m e n t  t h ro u g h  r iver  runoff  or aeolian 
t r anspo r t  on par t icula tes .  This s terol  has  also been found 
in coastal  grasses in the  Gulf of Mexico 19 and in low 
concen t ra t ion  in molluscs t T .  

As men t ioned  above, lobsters  and  sh r imp  are able to 
conver t  campes te ro l  and fl-sitosterol to cholesterol ;  
however ,  low concen t ra t ions  of these  two sterols still 
pers is t  in these animals.  Bo th  these  sterols are over  10 a 
t imes  higher  in concen t ra t ion  in H o m a r u s  and Panda lu s  

Compound �9 Homarus Pandalus boreal.is 
amgr~s 

Cholesterol 97.8 + 0.3 94.3 • 0.6 
Desmosterol 0.2 i 0.1 4.2 -E 0.4 
24-Methyleholesterol 0.6 • 0.2 0.6 ~_ 0.2 
24-Ethyleholesterol 0.7 • 0.2 0.5 ~= 0.2 
24-Methylenecholesterol 0.3 • 0.1 0.4 • 0.2 
22-Dehydrocholesterol 0.4 • 0.2 trace 

Cholesterol: cholest-5-en-3fl-ol; desmosterol: cholesta-5,24-dien- 
3fi-ol; 24-methylcholesterol: 22,23-dihydrobrassicasterol or camp- 
esterol; 24-ethylcholesterol: fl-sitosterol or clionasterol; 24-methyl- 
enecholesterol: ergosta-5,24(28}-dien-3fl-ol; 22-dehydroeholesterol: 
eholesta-5, 22-dien-3fl-ol. 

9 S. TESHIMA and A. KANAZAWA, Bull. Jap. Soc. scient. Fish. 37, 
63 (1971). 

10 A. KANAZAWA, M. YOSmOKA and S. TESHIMA, Bull. Jap. Soc, scient. 
Fish. 37, 899 (1971). 

n S. TESHIMA and A. KANAZ)~WA, Comp. Biochem. Physiol. 38B, 
597 (1971). 

12 D. I. ZANI)EE, Comp. Biochem. Physiol. 20, 811 (1967). 
la R. B. GAGOSIAN, unpublished results. 
14 S. TEStlIMA and A. KANAZAWa, Bull. Jap. Soc. scient. Fish. 37, 

68 (1971). 
15 j.  BOUTRY and C. BARON, Bull. Soc. Chim. biol. 49, 1399 (1967). 
16 j.  BOUTRY and G. JACQUES, Bull. Sot. Chim. biol. 52, 349 (1970). 
17 D. R. IDLER and P. WISEMAN, Int. J. Bioehem. 2, 515 (1971). 
is S. TESHIMA and A. KANAZAWa, Bull. Jap. Soc. scient. Fish. 38, 

1299 (1972). 
1~ D. H. ATTAWAV, P. HAUO and P. L. PM~KER, Lipids 6, 687 (1971). 
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w h e n  c o m p a r e d  w i t h  s terols  i sola ted f rom t h e  a n i m a l ' s  
s eawa te r  e n v i r o n m e n t  ~. These  crus tacea ,  t hen ,  are n o t  
c o n v e r t i n g  all  t h e  inges ted  campes te ro l  a n d  #-s i tos tero l  to  
cholesterol ,  a n d  a s t e a d y  s t a t e  c o n c e n t r a t i o n  of these  two  
c o m p o u n d s  appea r s  to  exis t  in  these  organ isms .  More 
work,  however ,  is c lear ly  needed  before th i s  h y p o t h e s i s  is 
p roven .  

F r o m  our  resul ts ,  i t  appea r s  t h a t  c au t i on  shou ld  be  
exercised w h e n  c o m p a r i n g  s terol  d i s t r i bu t i ons  a m o n g  
m e m b e r s  of t h e  same species s ampled  f rom d i f fe ren t  
locat ions.  The  s terol  c o n t e n t  of t he  m a r i n e  f a u n a  a n d  f lora 
in  t he  a n i m a l ' s  s u r r o u n d i n g  oceanic  e n v i r o n m e n t  should  

also be  considered.  The  s terols  p r e s e n t  in  t he  a n i m a l ' s  
s eawa te r  e n v i r o n m e n t  m a y  be a n  i nd i ca to r  of t h i s  f auna l  
a n d  f loral  c o n t r i b u t i o n  to  the  overa l l  s terol  c o n t e n t  of the  
a n i m a l  s0. 

Summary. I n  t h i s  s t u d y  we h a v e  ana lyzed  t h e  s terol  
compos i t ions  of two  c o n t i n e n t a l  shelf  species of c rus tacea ,  
t he  lobs te r  (Homarus americanus) a n d  t h e  s h r i m p  (Pan- 
dalus borealis). Choles terol  was  found  to  be t he  mos t  
a b u n d a n t  s terol  in  these  two  species w i t h  smal le r  a m o u n t s  
of desmosterol ,  24-methylcholes te ro l ,  24-e thylcholes terol ,  
24 -me thy lenecho les t e ro l  a n d  22-dehydrocholes te ro l .  

~" This work was supported by the Office of Sea Grant of the National 
Oceanic and Atmospheric Administration, U.S. Department of 
Commerce. Special thanks are extended to Ms. R. BEEBE-C~NT~R, 
who was responsible f9 r a large part of the isolation work described 
here. 

R. B. GAGOSIAN 

Department o/Chemistry, 
Woods Hole Oceanographic Institution, 
Woods Hole (Massachusetts 02543, USA), 18 March 1975. 

P i p e r a c e a e  Alkaloids:  Part  II ~ Structure  and Synthes i s  of Cyc los tachine  A, 
A Novel  Alkalo id  f rom Piper trichostachyon G. D G  ~ 

I n  a p rev ious  c 0 m m u n i c a t i o n 2  we h a v e  ass igned  t he  
s t r u c t u r e  (I) for piperstachif i~,  i so la ted  f rom t h e  s t e m  of 
Piper trichostachyon C. DC. We~wish to r e p o r t  here  t he  
i so la t ion  a n d  s t r u c t u r e  e luc ida t ion  of a new alkaloid,  
cyc los tach ine  A (II).  

The  a lkaloid ,  i so la ted  b y  cold pe rco la t ion  of t h e  s t ems  
w i t h  h e x a n e  a n d  c h r o m a t o g r a p h y  over  a l u m i n a  h a d  
m.p.  136-138 ~ I t  ana lyzed  for CzzH2~NO3, a n d  showed 

EtOH ~max 235, 287 n m  (log e 3.65, 3.62), KBr 1630 cm -1 
( t e r t i a ry  amide) .  I t s  mass  s p e c t r u m  e x h i b i t e d  t he  mole-  
cu la r  ion p e a k  a t  role 353 and  in tense  ions a t  m/e 255 and  
98 due  to t he  c leavage  as shown  in I I  a n d  m/e 135 due to  
m e t h y l e n e d i o x y t r o p y l i u m  ion. The  a lkaloid  is racemic  as 
shown b y  CD a n d  O R D  de t e r m i na t i ons .  In  i ts  1H-NMR- 
s p e c t r u m  (CDC13, 100 MHz) cyc los tach ine  A shows t he  
fol lowing s ignals :  d (ppm f rom TMS) 6.7 (3H, m, H2,5, ,) ;  
5.90 (2H, s, H ~ ) ;  5.92 (1H, d,d,d, Jg, s = 10, Jg,~0 = 
5, J0,, = 2 Hz,  H~); 5.56 (1H, d(br) ,  J8,0 = 10 Hz,  Hs) ;  
3.68 (1H, d, q, J~ ,~  = 10 Hz, H~); 3.40 (2H, t, J = 6 . 5  Hz, 

His  or Hs 2.76 (1H, d,d,  Jz6,z5 = 11, Jz,,7 = 10 Hz, 
H1,);  3.0-3.3 (1H, m, H10); 2.0-2.5 (3H, m, H15 a n d  Hsl  
or His) ;  1.0-2.0 (12H, m,  Hn,12,18,14,19, ~0 ). The  p ro ton -  
noise decoupled  13C-NMR-spect rum of t he  a lkaloid  
(CDCla) shows 22 lines, and  off - resonance  p a r t i a l  de- 
coupl ing  e x p e r i m e n t s  gave  t he  mu l t i p l i c i t y  of each  signal  
l ead ing  to t he  fol lowing ass ignments ,  d (ppm f rom TMS) : 
173.6 (C1,), 147.7, 146.3 (C~,,), 138.7 (Cx), 133.4, 128.5, 
121.0, 108.4, 108.1 (C~,5,6.s,9) , 101.0 (C~), 47.2, 46.8, 
36.6, 35.6 (C~,z0,15,~) 46.4, 45.4 (Cls,2~), 30.6, 28.8, 26.4, 
26.0, 24.3 a n d  22.1 (Czz,1,,1~.1,,19, 20). The  off- resonance 
zaC-NMR-spec t rum exc luded  t he  p resence  of q u a t e r n a r y  
sp3-carbons in t h e  a lkaloid .  

1 For Part I see B. S. JOSHI, N. VISWANATHAN, D. H. GAWAD and 
W. YON PHILIPSBORN, Helv. chim. Acta, in preparation. 
Contribution No. 402 from Ciba-Geigy Research Centre; 13C-NMR- 
spectroscopy Part 8, for Part 7 see Ref. 1. 
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